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Hot topics in Mitochondrial Physiology — MiP Abstracts

MiPNet-1. Protective effects of fructose 1,6-P2 against

galactosamine-induced hepatic injury in rats
Cuesta Eduardo, Boada J, Perales JC, Roig T, Bermudez Jordi
Unitat de Biofisica. Departament de Ciéncies Fisiologiques II. Universitat de
Barcelona. L’'Hospitalet de Llobregat 08907. Spain.
Fructose 1,6-biphosphate (F1,6BP) is a glycolytic intermediate that, when
administered exogenously, protects organs and tissues against injuries
induced by hypoxia/ischemia or toxic agents. In addition, the presence of F1,6BP in
perfusion and preservation media increases the viability of grafts. Despite these
beneficial effects, the mechanism is controversial. To provide new insights we studied the
protective mechanisms of F1,6BP against galactosamine (GalN)-induced hepatitis in rats.
The liver specificity of GalN is attributed to the high levels of galactokinase and UDP-
glucose:galactose-1-P-uridyltransferase in hepatocytes. GalN metabolism impairs
glycolysis and mitochondrial function, increases intracellular Ca®* and ROS and depletes
the ATP and uridine pools. Following the reduction of uridine pools, transcription activity
and protein synthesis become arrested in hepatocytes, which increases the sensitivity of
these cells to TNF-a. Inflammation then causes massive apoptosis of parenchyma cells
and organ failure in vivo, which closely resembles viral hepatitis. F1,6BP pre-treatment
rendered rats resistant to GalN injury. Studies in vivo and in vitro indicated that F1,6BP
prevented GalN-induced oxidative stress and impairment of hepatocyte metabolism, thus
maintaining ATP levels and reducing apoptosis. However, F1,6BP pre-treatment did not
prevent the GalN-induced depletion of uridine pools in hepatocytes, so the liver cells
remained highly sensitive to TNF-a, because of their inhibited transcription activity. We
hypothesised that, in addition to the beneficial effects on the metabolism of hepatocytes,
the protective effect of F1,6BP in vivo involves other cells types implicated in the
inflammatory response of the liver. Our results suggest that the site of action of F1,6BP
is the cell membrane and we provide evidence that F1,6BP inhibits the GalN-induced
degranulation of mastocytes and activation of macrophages, reducing endotoxemia and
inflammation in rats. The ability of F1,6BP to increase glycolysis and mitochondrial
efficiency, preventing oxidative stress and apoptosis, confirms its potential use as a
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component of graft preservation media. In addition, the prevention of GalN-induced
sepsis and inflammation in rats pre-treated with F1,6BP increases its interest as an anti-
inflammatory drug.

MiPNet-2. NO effect on mitochondrial oxygen kinetics
at low oxygen. Oxygraph-2k Workshop
Report, University of Alabama at

Birmingham 2002

Erich Gnaiger'?, Jeannette E. Doller’, Dave Kraus®, Scruti Shiva®, Paul S.

Brookes*, Victor M. Darley-Usmar*

Department of Transplant Surgery, D. Swarovski Research Laboratory, University

Hospital  Innsbruck, Anichstr. 35, A-6020 Innsbruck, Austria; E-mail:

erich.gnaiger@uibk.ac.at; 20OROBOROS, Bioenergetics and Biomedical Instruments,

Schépfstr. 18, A-6020 Innsbruck, Austria; >Department of Biology, University of Alabama

at Birmingham, Birmingham AL 35294-1170, USA; “Department of Pathology and Center

for Free Radical Biology, University of Alabama at Birmingham, Birmingham, AL 35294,

USA

Most kinetic studies on the effect of NO on respiratory flux in isolated mitochondria or

cells were restricted to high oxygen levels (>1-3 kPa; >10-30 uM 0,).' High-resolution

respirometry resolves oxygen Kkinetics into the sub-micromolar range of oxygen
concentration, which should contribute to resolving open problems on the kinetics and
mechanism of competitive inhibition of cytochrome c¢ oxidase by nitric oxide, NO.

Specifically, a sigmoidal response of respiration to oxygen at 50 and 200 nM NO has

been reported in a study of isolated mitochondria in the range of air saturation to 30 uM

0.2 A single pilot experiment was carried out during an Oxygraph-2k workshop on high-

resolution respirometry. Respiration of isolated rat liver mitochondria was inhibited by

addition of NO, which increased the sensitivity to oxygen >25-fold when compared to the

half-saturation oxygen pressure, pso, in the absence of NO. Oxygen kinetics followed a

monophasic hyperbolic function up to 2.2 kPa with NO (ps0o=0.93 kPa), compared to the

standard oxygen range to 1.1 kPa without NO (ps50=0.035 kPa; see also ref. 3; for an
extended report see ref. 4). Adding an NO sensor to the Oxygraph-2k will further
increase the potential of high-resolution respirometry. The Oxygraph-2k and DatLab
software are designed to accommodate additional channels as an extension to the

OROBOROS BioenergeticsAnalyzer.

1. Gnaiger E, Kuznetsov AV (2002) Mitochondrial respiration at low levels of oxygen and
cytochrome c. Biochem. Soc. Trans. 30: 242-248.

2. Koivisto A, Matthias A, Bronnikov G, Nedergaard ] (1997) Kinetics of the inhibition of
mitochondrial respiration by NO. FEBS Lett. 417: 75-80.

3. Gnaiger E, Lassnig B, Kuznetsov AV, Margreiter R (1998) Mitochondrial respiration in
the low oxygen environment of the cell: Effect of ADP on oxygen kinetics. Biochim.
Biophys. Acta 1365: 249-254.

4. Gnaiger E, Doeller JE, Kraus D, Shiva S, Brookes PS, Darley-Usmar VM (2003) NO effect
on mitochondrial oxygen kinetics at low oxygen. Oxygraph-2k workshop Report. MiPNet
8.12: 1-6.

MiPNet-3. The uncoupling proteins in mice
Gonzdlez-Barroso Maria del Mar, Couplan E, Bouillaud F

Faculté de Médecine Necker-Enfants malades, CNRS-UPR 9078, 156, rue de
Vaugirard ; 75730 PARIS CEDEX 15, France

Uncoupling protein-1 (UCP1) is responsible for heat production in brown
adipose tissue. Studies made with transgenic mice have demonstrated that
expression of UCP1 in muscle could lead to resistance to the obesity
induced by a hyperlipidic diet.! Using a model of transgenic mice produced in the
laboratory,> we observed a specific reduction of muscle mass. Muscles are differently
affected according to their workload, and for example, the heart could support high level
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of UCP1 expression without showing obvious phenotype. This indicates that expression of
UCP1 is not per se deleterious to ATP formation, but could affect muscle differentiation,
when muscles are poorly recruited for contraction. Ucp2 and Ucp3 are two genes coding
for proteins closely related to UCP1. Many experiments using recombinant expression or
reconstitution support the hypothesis that UCP2 and UCP3, like UCP1, are able to
transport protons and therefore to uncouple partially mitochondria. However, our studies
with isolated mitochondria from Ucp2 knockout mice hardly support this hypothesis.® This
contradiction will be discussed.

1. Lietal. (2000) Nat. Med. 6: 1115-1120.

2. Couplan et al (2002) J. Biol. Chem. 277: 43079-43088.

3. Couplan et al (2002) J. Biol. Chem. 277: 26268-26275.

MiPNet-4. Functional properties of mitochondria from

different contractile fiber types
Gueguen Naig, Lefaucheur L, Fillaut M, Herpin P
INRA Unité Mixte de Recherche sur le Veau et le Porc, Saint Gilles, France
In order to better understand the relationships between mitochondria and
the contractile apparatus, and notably the mechanisms that permit the
matching of ATP production to its myofibrillar consumption, we studied mitochondrial
functional properties in saponin-permeabilised fibers, in relation to the contractile fiber
type, based on myosin heavy chain (MyHC) content. Four muscles from twenty 11 week
old rabbits were used. Mitochondrial oxygen consumption of fiber bundles was measured
polarographycally! and the proportion of the MyHC isoforms within these fibers was
analyzed by electrophoresis.? Contractile fiber classes were determined using principal
component analysis. Type I and Ila+IIx fibers presented a higher maximal oxidative
capacity, both for the total oxidative capacity (Vmax/mg dry-weight) and per
mitochondrion (Vmax/CS), than glycolytic ones (IIx and predominantly IIb). This was
associated with a significant improvement in the coupling between oxidation and
phosphorylation (ACR). Mitochondria of type I fibers also showed an apparent km for
ADP nearly 20-fold higher (100 + 20 yM) than that of IIx and predominantly IIb fibers
(6.1 + 3 and 5.9 + 1.5 respectively), the Ila+IIx fibers being intermediate with an
apparent km of 15.5 + 5 uyM (p<0.01). In presence of 20 mM creatine, the km for ADP
was strongly decreased in type I (-88%) and Ila+IIx fibers (-70%), whereas no
modification was observed for the two other fiber types, demonstrating an increasing
functional coupling between mi-CK and oxidative phosphorylation in fibers with high
oxidative capacities.® Thus, unlike the glycolytic fibers, mitochondrial respiration of the
I/oxidative fibers does not seem to be controlled by free sarcoplasmic ADP but rather by
the PCr/Cr ratio. The IIa/oxido-glycolytic fibers present an intermediate situation. This
results show that the differences between fiber types do not correspond only to
quantitative differences (mitochondrial density) but also qualitative properties : the more
a fiber presents a slow contraction speed and oxidative metabolism, the more the
respiratory coupling is optimized. This notably occurs through changes in the
mechanisms involved in the mitochondrial respiratory control.
1. Saks VA, Veksler VI, Kuznetsov AV, Kay L, Sikk P, Tiivel T, Tranqui L, Olivares J, Winkler K,
Wiedemann F, Kunz WS (1998) Permeabilized cell and skinned fiber techniques in studies
of mitochondrial function in vivo. Mol. Cell. Biochem. 184: 81-100.
2. Staron RS, Pette D (1993) The continuum of pure and hybrid myosin heavy chain-based
fibre types in rat skeletal muscle. Histochem. 100: 149-153.
3. Zoll J, Koulmann N, Lahoucine B, Ventura-Clapier R, Bigard A-X (2002) Quantitative and
qualitative adaptation of skeletal muscle mitochondria to increased physical activity. J. Cell.
Physiol. 194: 186-193.
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| MiPNet-5. Hypoxia reduces cellular and mitochondrial
oxygen consumption of alveolar epithelial

cells
Heerlein Kristin!, Schulze Andreas?, Bartsch Peter!, Mairbaurl Heimo'?
lDepartment Internal Medicine VII, Sports Medicine and ZDepartment of
Pediatrics I, Division of Metabolism and Endocrinology, University of
Heidelberg, Germany
Hypoxia has been shown to inhibit alveolar Na-reabsorption by decreasing activity and
copy number of transporters. The present study was designed to examine the
significance of inhibition of ion transporters such as the Na/K-ATPase or protein synthesis
for the saving of energy during oxygen deprivation and if exposure to hypoxia also
affects mitochondrial function. Alveolar epithelial cells (A549 cells) were cultured in
normoxia and hypoxia (24 h, 1.5% 0,). Cellular oxygen consumption (JO, [pmol/s*mg
protein]) was measured in normoxia, hypoxia and after reoxygenation (15 min) using
high resolution respirometry in intact as well as in digitonin-permeabilized cells. Already
after 5 min of hypoxia JO, was decreased by about 20%, it was decreased further after
24 h of hypoxia. Reoxygenation of hypoxia exposed cells increased cellular JO,. In
normoxia, the Na/K-ATPase activity accounted for about 15% of ]JO, but Na/K-ATPase-
related JO, did not change during hypoxia. JO, related to protein synthesis was reduced
from 23% of total O,-consumption in normoxia to 14% after 24 h hypoxia. Both, acute
and chronic hypoxia decreased the activity of complexes I, II and III of the mitochondrial
electron transfer chain. Reoxygenation from acute hypoxia caused partial recovery of
complex I only but not of complexes II and III. No recovery of activity was seen after
chronic hypoxia. Our findings demonstrate that oxygen consumption is reduced during 5
min and 24 h hypoxia by a decrease in ATP utilization and, possibly, also by the decrease
in the capacity of mitochondria to produce ATP. Lack of full recovery of JO, upon
reoxygenation after prolonged exposure to hypoxia might indicate adjustments on the
level of gene expression.

MiPNet-6. Respiration, coupling, ROS and aging in
primary human fibroblasts

Hitter Eveline!, Renner Kathrin?, Gnaiger Erich®, Pfister Gerald!, Jansen
Dirr Pidder!

IInstitute for Biomedical Aging Research, Austrian Academy of Sciences,
Innsbruck; °Tyrolean Cancer Research Institute, Innsbruck; °D. Swarovski
Research Laboratory, Department of Transplantation Surgery, University Hospital
Innsbruck

Human cells in primary culture have a finite lifespan, a phenomenon termed ,replicative
senescence". After about 50 population doublings, cells stop proliferation and arrest
irreversibly in the G1 phase of the cell cycle. Cellular energy metabolism is an important
aspect of aging, as shown by life span extension through caloric restriction. Analysis of
the glycolytic pathway in young and old cells revealed age-associated changes in the
activity of several enzymes. Staining cells with the oxidant-sensitive dye
dihydrorhodamine showed that senescent fibroblasts exhibit oxidative stress, a possible
consequence of metabolic imbalance. Based on these results, we wanted to know
whether mitochondrial function is impaired in senescent cells. Mitochondrial respiratory
function was analyzed by high resolution respirometry with the OROBOROS® Oxygraph.
The experimental regime started with routine respiration, followed by inhibition of ATP
synthase with oligomycin, and uncoupling by stepwise titration of FCCP. Finally,
respiration was inhibited by sequential addition of rotenone and antimycin A.! Respiration
per cell was highly increased in old fibroblasts, owing to increased mitochondrial content
(citrate synthase activity) in line with an increase in cell size. Normalization of respiratory
parameters by citrate synthase activity diminished several differences obtained when
expressing results per cell number. The capacity of the respiratory chain, reflected by
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uncoupled respiration per citrate synthase, is unchanged in old and young fibroblasts.

Oligomycin-inhibited respiration, however, was significantly increased in senescent cells.

Further, senescent cells exhibit a slightly decreased uncoupling control ratio, and a

decreased ratio between uncoupled respiration and oligomycin-inhibited respiration. This

indicates a lower coupling state of mitochondria in senescent fibroblasts. Additionally, we
performed series of control experiments using young fibroblasts arrested in G1 by
contact inhibition. Comparing these cells with senescent cells, the difference in the
coupling state is much more striking than between proliferating and senescent cellls. This
results indicate that there is no loss of mitochondrial respiratory capacity in senescent
fibroblasts. The coupling state is lower in old cells compared to young ones, which might
be a consequence of oxidative stress. Interestingly, G1 arrested young fibroblasts exhibit

a very high coupling state, a phenomenon which warrants further study (2).

1. Hitter E, Renner K, Jansen-Durr P, Gnaiger E (2002) Biphasic oxygen kinetics of
cellular respiration and linear oxygen dependence of antimycin A inhibited oxygen
consumption. Molec. Biol. Rep. 29: 83-87.

2. Hutter E, Renner K, Pfister G, Stockl P, Jansen-Diirr P, Gnaiger E (2004) Senescence-
associated changes in respiration and oxidative phosphorylation in primary human
fibroblasts. Biochem. J. (online immediate publication).

MiPNet-7. Hydrogen peroxide production by
mitochondrial glycerophosphate

dehydrogenase (mMGPDH)

Jedina Pavel!, Cervinkova Zusanna?, Drahota Zdenek!, Housték Josef!
ICenter for Integrated Genomics, Institute of Physiology, Academy of
Sciences of the Czech Republic, Prague; *Department of Physiology, Medical
Faculty, Charles University, Hradec Kralové, Czech Republic
Glycerophosphate (GP)-dependent, ferricyanide-induced hydrogen peroxide production
was studied in mGPDH rich brown adipose tissue mitochondria. Relations between the
rate of hydrogen peroxide production and total amount of hydrogen peroxide produced at
different GP and ferricyanide concentrations were determined. It was found that the rate
of hydrogen peroxide production increases with increasing GP concentration and
decreases with increasing ferricyanide concentration. Total amount of hydrogen peroxide
produced increases with increasing ferricyanide concentration, however, not
proportionally, and the efficiency of this process (oxygen/ferricyanide ratio) strongly
declines. In case of liver mitochondria, where mGPDH is very low, we found that
triiodothyronine activated mGPDH represents almost the same capacity for the saturation
of the respiratory chain as Complex II. The increase of mGPDH activity induced by
triiodothyronine correlated with an increase of capacity for glycerophosphate-dependent
hydrogen peroxide production. As a result of hormonal treatment, a 3-fold increase in
glycerosphosphate-dependent hydrogen peroxide production by liver mitochondria was

detected by polarographic and luminometric measurements.
This work was supported by grants: COST 918.50, GACR 303/03/0799, VZ11110003, MSM111500003.

—— MiPNet-8. Apoptosis and mitochondrial function in
= glucocorticoid triggered leukemia cells with

transgenic Bcl-2 expression
Renner Kathrin!, Amberger A!, Konwalinka G?, Kofler R!, Gnaiger Erich®
Tyrolean Cancer Research Institute, Innrain 66, A-6020 Innsbruck, Austria;
’Department of Internal Medicine, University Hospital Innsbruck,
Anichstrasse 35, A-6020 Innsbruck; >Department of Transplant Surgery, D.
Swarovski Research Laboratory, University Hospital Innsbruck, Anichstrasse 35, A-6020
Innsbruck, Austria
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Mitochondrial damage with release of apoptogenic factors including cytochrome c¢ has
been implicated in cell death signalling pathways. To examine mitochondrial function in
apoptotic cells, we applied high-resolution respirometry to human leukemia cells.!
Mitochondrial changes induced by apoptogenic drugs were compared after cell cycle
arrest in the G;- and S-phase, induced by the glucocorticoid dexamethasone and
nucleotide analogue gemcitabine. These chemotherapeutics exerted opposite effects on
cellular respiratory capacity (71 % and 131 % of controls, respectively). Respiratory
changes correlated with corresponding alterations in cell size (volume, protein content
and lactate dehydrogenase activity) and mitochondrial content (citrate synthase and
cytochrome c¢ oxidase activity per cell). A functional mitochondrial membrane potential
was maintained in all treatments, as deduced from high and constant respiratory
uncoupling control ratios. Thus, at least the majority of mitochondria remained intact
despite 30 % apoptosis. Bcl-2 over-expression protected dexamethasone-treated cells
from apoptosis, without fully preventing the decline of respiration and cell size.
Independent of Bcl-2 expression, however, gemcitabine-treatment resulted in identical
rates of apoptosis, with increased cellular respiration and cell size. These results,
therefore, provide conclusive evidence that cell cycle arrest is the main mechanism
explaining alterations in respiratory capacity and enzyme activities per cell in the early
phase of apoptosis (2).
1. Renner K, Kofler R, Gnaiger E (2002) Mitochondrial function in glucocorticoid triggered
T-ALL cells with transgenic Bcl-2expression. Molec. Biol. Rep. 29: 97-101.
2. Renner K, Amberger A, Konwalinka G, Kofler R, Gnaiger E (2003) Changes of
mitochondrial respiration, mitochondrial content and cell size after induction of
apoptosis in leukemia cells. Biochim. Biophys. Acta 1642: 115-123.

MiPNet-9. Oxygen dependence of rotenone/antimycin
A-inhibited respiration and biphasic oxygen

kinetics in cultured fibroblasts

Renner Kathrin!, Hitter Eveline?, Jansen Dirr Pidder?, Gnaiger Erich?
ITyrolean Cancer Research Institute, Innsbruck; °Institute for Biomedical
Aging Research, Austrian Academy of Sciences, Innsbruck; >D. Swarovski
Research Laboratory, Department of Transplantation Surgery, University
Hospital Innsbruck
Biphasic oxygen kinetics in fibroblasts was quantitatively explained by a near-linear
increase of rotenone- and antimycin A-inhibited oxygen consumption in the high-oxygen
range, which was superimposed on the mitochondrial hyperbolic component of oxygen
kinetics observed in the low-oxygen range.! These results suggest an increased
production of reactive oxygen species and oxidative stress at elevated, air-level oxygen
concentrations, which is reduced under more physiological intracellular low-oxygen
levels. The high oxygen affinity of mitochondrial respiration provides the basis for the
maintenance of a high aerobic scope at physiological low-oxygen levels, whereas further
pronounced depression of oxygen pressure inhibits mitochondrial oxidative
phosphorylation under hypoxia. The apparent metabolic depression in terms of oxygen
consumption of these cells at physiological oxygen levels, therefore, indicates the
reduction of a predominantly non-mitochondrial component of oxygen uptake, which is
not coupled to oxidative phosphorylation.? In conclusion, a narrow optimum window of
intracellular oxygen concentration exists between conditions of oxidative stress at high
oxygen and energetics stress under severe hypoxia.

1. Hutter E, Renner K, Jansen-Dirr P, Gnaiger E (2002) Biphasic oxygen kinetics of
cellular respiration and linear oxygen dependence of antimycin A inhibited oxygen
consumption. Molec. Biol. Rep. 29: 83-87.

2. Gnaiger E (2003) Oxygen conformance of cellular respiration. A perspective of
mitochondrial physiology. Adv. Exp. Med. Biol. 543: 39-55.
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MiPNet-10. Mitochondrial composition, structure and
function is modified in cancer cells forced to
switch from (glycolysis to oxidative
phosphorylation

Rossignol Rodrigue*, Gilkerson Robert*, Aggeler Robert, Yamagata

Kunihiro, Remington S James, Capaldi Roderick A
* The two authors contributed equally to the work presented in this article

Institute of Molecular Biology, University of Oregon, Eugene, OR 97403, USA

Cells must respond to changes in environment, including availability of substrates for
energy metabolism, if they are to survive. Here, we have examined the adaptations of a
transformed cell line, Helas, and a primary cell line, fibroblasts, when forced to change
from generating ATP predominantly by glycolysis to exclusively by oxidative
phosphorylation, as can occur in solid tumors. Our result show that Hela cells producing
ATP by oxidative phosphorylation grew more slowly but presented increased respiratory
rates; the pH of the matrix was lower by 0.4 pH units, and the reduction potential in the
matrix space was lower i.e. 74% vs. 93% total reduced. These changes were measured
in vivo by a variety of techniques, including the use of two novel ratiometric GFP
biosensors. Along with the above functional changes, these cells had increased synthesis
of most of the oxidative phosphorylation components, a twofold increase in the amount
of cristal membrane but no overall increase in total number/amount of mitochondria and
mitochondrial DNA. Both confocal and electron microscopy also revealed significant
remodeling of the mitochondrial network i.e, the tubules were thinner in width, more
interconnected, widely distributed and extensively looped while in cells living by
glycolysis the mitochondrial mass was mostly perinuclear. Our data show that tumor
metabolism can be determined by substrate availability and they establish that cancer
cells adapt their mitochondrial system structurally and functionally to derive energy
under glucose limitation. They also show how the pleomorphic, highly dynamic structure
of the mitochondrion is related to oxidative phosphorylation. We compared our finding on
Hela cells with those for non transformed fibroblasts to help distinguish the regulatory
pathways. These findings have significant implications for cancer treatment.
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